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(54) Speed control device off toroidal type continuously variable transmission 



(57) A pivotal feedback link (55) has at one end 
thereof a follower member that is slidably put on a work 
surface (20) of a precess cam (2) actuated by a trunnion 
(108) of a toroidal type continuously variable transmis- 
sion (1000). A speed control valve (7) has a spool (8). 
The spool (8) is moved for feeding a hydraulic actuator 
(1 16A) of the transmission with a hydraulic pressure to 
control the trunnion (108). An electric actuator (50) has 
an output member (32). A speed change link (9) is 
arranged to which the other end of the pivotal feedback 
link, the spool (8) of the speed control valve (7) and the 
output member (52) of the electric actuator (50) are 

FIG. 



connected through first second and third articulated 
members (55a, 55b, 55c) respectively. A spring member 
(82) is connected with the pivotal feedback link (55) at a 
position between the first articulated member (55a) and 
the follower member to bias the pivotal feedback link 
(55) in a direction to press the follower member (55c) 
against the work surface (20) of the precess cam (2) so 
that the biasing force of the first biasing member (82) 
does not affect the moment of rotation of the speed 
change link (9) about the first articulated member (55a). 
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Fig. 4 is a partially cut side view of a speed control 
device of a second embodiment of the present 
invention; 

Fig. 5 is a schematic plan view showing only essen- 
tial parts employed in the speed control device of s 
the second embodiment; 

Fig. 6 is a schematic plan view of a speed control 
device of a third embodiment of the present inven- 
tion, which is taken from a bottom of an associated 
continuously variable transmission; 10 
Fig. 7 is a schematic front view of the speed control 
device of the third embodiment; 
Fig. 8 is a view similar to Fig. 3, but showing a fourth 
embodiment of the present invention; 
Fig. 9 is a view similar to Fig. 3, but showing a fifth is 
embodiment of the present invention; and 
Fig. 10 is a sectional view of one known toroidal 
type continuously variable transmission to which 
the speed control device of the present invention is 
practically applicable. 20 

DETAILED DES CRIPTION OF THE EMBODIMENTS . 

[0013] In the following description, directional terms 
such as, right left, upper, lower, rightward, leftward, 2s 
upward, downward and the like are to be understood 
with respect to the drawing or drawings on which the 
objective part or parts are illustrated. 
[0014] Before making a detailed description on the 
present invention, one known toroidal type continuously 30 
variable transmission to which the speed control device 
of the invention can be practically applied will be 
described with reference to Fig. 1 0 for clarification of the 
invention. 

[0015] As is shown in the drawing, the toroidal type 35 
continuously variable transmission 1000 comprises 
input and output cone discs 102 and 104 which are 
arranged on a common rotation axis TV- Denoted by 
numerals 106 and 106 are friction rollers (or power roll- 
ers) which are each operatively interposed between the 40 
input and output cone discs 102 and 104. The friction 
rollers 1 06 and 1 06 are arranged to face each other with 
the axis "Or placed therebetween, as shown. That is, 
each friction roller 106 is put in a toroidal space defined 
by both the input and output cone discs 102 and 104, 45 
while frictionally contacting with these discs 102 and 
104. The friction rollers 106 and 106 are rotatably sup- 
ported by respective trunnions 108 and 108 through 
respective eccentric shafts 110 and 1 10. The input and 
output cone discs 102 and 104, the two friction rollers so 
106 and 106 and the trunnions 108 and 108 constitute 
an essential portion of a toroidal power transmission 
unit. 

[0016] In a double cavity toroidal type continuously 
variable transmission, two, that is, front and rear toroidal ss 
power transmission units are employed, which are 
coaxially arranged 0 the axis "O-j" with their output cone 
discs 104 and 104 connected in a back-to-back con- 



necting manner. 

[0017] As is seen, the trunnions 108 and 108 have 
respective upper ends connected through an upper link 
112 and respective lower ends connected through a 
lower link 114. The connection of these parts is so 
made that each trunnion 108 can pivot between a neu- 
tral position as shown in Fig. 10 wherein a rotation axis 
"0 2 " of the friction roller 106 intersects the rotation axis 
"Oi " of the input and output cone discs 1 02 and 1 04 and 
an offset position wherein the trunnion 108 is inclined 
toward a pivot axis "03" of the friction roller 106 which 
intersects the rotation axis "0 2 " at right angles. The 
trunnion 108 pivots about the pivot axis "CV. 
[0018] For carrying out the above-mentioned offset 
movement each trunnion 108 has a shaft 108d con- 
nected to a lower end thereof through a pin 108e, the 
shaft I08d extending in the direction of the pivot axis 
"O3". Tightly disposed on the shaft 108d is a servo-pis- 
ton 1 16a which is axially movably received in a cylinder 
body 118. 

[001 9] As is seen from the drawing, the shaft 1 08d of 
one (viz., left one in the drawing) of the trunnions 108 
and 108 has a lower extension projected downward 
beyond a control valve body 70, to which an after-men- 
tioned process cam 2 is connected. 
[0020] The control valve body 70 has a control valve 
for generating a controlled hydraulic pressure to operate 
the servo-piston 116a. An L-shaped link 55 is incorpo- 
rated with the process cam 2, through which an offset 
degree of the trunnion 108 in the direction of the pivot 
axis "O3" and a rotation degree of the trunnion 108 
about the pivot axis "03" are fed back to a speed control 
valve 7 (more specifically, a spool 8 of the valve 7) in the 
control valve body 70. That is, one end of the L-shaped 
link 55 acts as a follower that slidably contacts with an 
inclined surface 20 of the process cam 2. The other end 
of the L-shaped link 55 is connected to the spool 8 
through a speed change link 9. 
[0021] As shown, the left shaft 108d having the 
process cam 2 connected thereto and a hollow boss 
portion 1 16b of the servo-piston 1 16a for receiving the 
left shaft 108d pass through the cylinder body 1 18 and 
the control valve body 70. While, the right shaft 108d 
having no precess cam and a hollow shaft portion 1 16b 
of the servo-piston 116a for receiving the right shaft 
108d pass through only the cylinder body 118. Each 
shaft 108d has at a lower end a nut 126 secured thereto 
to achieve a united connection between the shaft 108d 
and the associated servo-piston 1 16a. 
[0022] Upon receiving a speed change ratio com- 
mand, the speed control valve 7 applies the servo-pis- 
tons 116a and 116a with a hydraulic pressure 
corresponding to the content of the command. With this, 
each servo-piston 1 16a forces through the correspond- 
ing shaft 108d the trunnion 108 to pivot between the 
above-mentioned neutral position of Fig. 10 and the off- 
set position. Due to this pivoting, each friction roller 106 
is pivoted about the pivot axis "O3" while bearing a com- 
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contact with the inclined surface 20 of the precess cam 
2 irrespective of movement of the speed change link 9. 
That is, if the basing force of the torsion spring 82 is set 
smaller than that of the coii spring 81 , separation of the 
follower member 55c from the precess cam 2 tends to 
occur, which, of course, lowers the intended feedback 
control. 

[0037] It is to be noted that the basing force of the coil 
spring 81 can be set as small as possible so long as it 
can eliminate the play of the speed change link 9 rela- 
tive to the L-shaped link 55, the spool 8 and the slider 
52. The smaller biasing force of the coil spring 81 may 
cause the spool 8 to take a halt position due to the force 
of the hydraulic pressure applied thereto. However, 
even in this case, once a play between the speed 
change link 9 and the pivot pin 53a becomes zero due 
to movement of the link 9, the spool 8 is instantly actu- 
ated by the step motor 50 and/or the L-shaped link 55 
and thus an error caused by such play can be negligtole. 
[0038] As has been mentioned hereinabove, in the 
first embodiment 100A, due to provision of the torsion 
spring 82, the follower member 55c of the L-shaped link 
55 is assuredly and constantly contracted to the inclined 
surface 20 of the precess cam 2. With this, the feedback 
control is assuredly achieved. The biasing force of the 
torsion spring 82 has substantially no effect on the 
moment of rotation of the speed change link 9 about the 
articulated connection between the L-shaped link 55 
and the speed change link 9. Thus, the output needed 
by the step motor 50 for actuating the spool 8 of the 
speed control valve 7 is only a force that can move the 
spool 8 against the smaller basing force of the coil 
spring 81 and the hydraulic force fundamentally applied 
to the spool. Accordingly, the step motor 50 employed in 
the invention can be of a lower-powered and thus small- 
sized type, unlike the case of the above-mentioned con- 
ventional speed control devices. 
[0039] If desired, pillow block units may be used as the 
articulated connections of the L-shaped link 55, the 
extension part 80 of the spool 8 and the slider 52 of the 
step motor 50 relative to the speed change link 9. In this 
case, the coil spring 81 can be removed and thus the 
output needed by the step motor 50 can be much low- 
ered. 

[0040] Referring to Figs. 4 and 5, there is shown a 
speed control device 100B of a second embodiment of 
the present invention. In these drawings, substantially 
same parts are those of the above-mentioned first 
embodiment are denoted by the same numerals. 
[0041] In the second embodiment 100B, a pull spring 
83 is employed in place of the torsion spring 82 
employed in the above-mentioned first embodiment 
100 A. 

[0042] That is, as is seen from the drawings, in the 
second embodiment 100B, the pull spring 83 extends 
between the end of the speed change link 9 where the 
concave recess 90 is formed and a spring holder 12 
which is secured to a case 10 of the associated trans- 



mission. 

[0043] With the pull spring 83, the L-shaped link 55 is 
biased to pivot in a direction of the arrow "D" in Fig. 4, 
that is, in a direction to press the follower member 55c 

5 against the inclined surface 20 of the precess cam 2. 
That is, the articulated connection between the concave 
recess 90 and the ball 58 is kept pulled toward the 
spring holder 12 with a basing force "F 2 " of the pull 
spring 83, as shown in the drawings, causing the fol- 

70 lower member 55c to be pressed against the inclined 
surface 20 of the precess cam 2 with a basing force 
"F 2 ". 

[0044] As shown in Fig. 4, in the second embodiment 
100B, the inclined surface 20 of the precess cam 2 is 

15 defined in an inclined groove that has another inclined 
surface 21. These two inclined surfaces 20 and 21 
extend in parallel with each other. As shown, a certain 
clearance is left between the follower member 55c and 
the inclined surface 21 for avoiding a scuffing between 

20 the follower member 55c and the surfaces 20 and 21 of 
the groove, which would occur when the precess cam 2 
is inevitably tilted during torque transmission between 
the input and output cone discs 1 and 2 (see Fig. 10). 
[0045] In the second embodiment 1 00B, substantially 

25 same advantages as those of the above-mentioned first 
embodiment 100A are obtained. That is, also in this 
second embodiment 100B, the biasing force of the pull 
spring 83 has substantially no effect on the moment of 
rotation of the speed change link 9 about the articulated 

30 connection between the L-shaped link 55 and the speed 
change link 9 because the point of application of the 
basing force m ?2 »s very close to the ball 58. 
[0046] Referring to Figs. 6 and 7, there is shown a 
speed control device 1 00C of a third embodiment of the 

35 present invention. 

[0047] In this third embodiment 1 00C, a torsion bar 61 
is employed in place of the torsion spring 82 employed 
in the first embodiment 100 A. 

[0048] That is, as is seen from the drawings, in the 

40 third embodiment 100C, the torsion bar 61 has a right 
end fixed to a projection 73 of the valve body 70 through 
a bolt 74. The torsion bar 61 has a left portion that 
passes through the bracket 72, the hollow member 57 
and the bracket 71 . As is seen from Fig. 7, a connecting 

45 pin 62 is installed in the hollow member 57 to connect 
the torsion bar 61 to the hollow member 57. 
[0049] With the torsion bar 61 , the L-shaped link 55 is 
biased to pivot in a direction of the arrow "D" in Fig. 7, 
that is, in a direction to press the follower member 55c 

so against the inclined surface 20 of the precess cam 2. 
That is, the articulated connection between the concave 
recess 90 (see Fig. 7) and the ball 58 is kept pulled 
toward this side in Fig. 7 causing the follower member 
55c to be pressed against the inclined surface 20 of the 

55 precess cam 2 with a certain biasing force. 

[0050] In the third embodiment 100C, substantially 
same advantages as those of the above-mentioned f irst 
embodiment 100A are obtained. That is, also in this 
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valve. 

7. A speed control device as claimed in Claim 1 , in 
which said pivotal feedback link is arranged 
between said speed control valve and said electric 
actuator. 

8. A speed control device as claimed in Claim 1, fur- 
ther comprising a second biasing member that is 
connected with said speed change link to bias the 
same in a direction away from the other end of said 
pivotal feedback link, the spool of said speed con- 
trol valve and the output member of said electric 
actuator. 

9. A speed control device as claimed in Claim 8, in 
which the biasing force produced by said second 
biasing member operates in a direction to assist the 
biasing work of said first biasing member. 

10. A speed control device as claimed in Claim 2, in 
which said hub portion of said pivotal feedback link 
is secured to a hollow member that is pivotally sup- 
ported through a shaft on brackets raised from said 
fixed portion. 

11. A speed control device as claimed in Claim 3, in 
which said pull spring has one end pivotally con- 
nected to the other end of said pivotal feedback link 
and the other end pivotally connected to a spring 
holder secured to said fixed portion. 

12. A speed control device as claimed in Claim 4, in 
which said torsion bar has one end f ixed through a 
bolt to a projection formed on said fixed portion, 
said torsion bar extending through the hub portion 
of said pivotal feedback link and being connected to 
the same through a connecting pin, said torsion bar 
being pivotally supported on brackets raised from 
said fixed portion. 

13. A speed control device of a toroidal type continu- 
ously variable transmission, comprising: 

a pivotal feedback link having at one end 
thereof a follower member that is slidably put 
on a work surface of a precess cam actuated 
by a trunnion of said transmission; 
a speed control valve having a spool, said 
spool being moved for feeding a hydraulic actu- 
ator of said transmission with a hydraulic pres- 
sure to control said trunnion; 
an electric actuator having an output member; 
a speed change link to which the other end of 
said pivotal feedback link, the spool of said 
speed control valve and the output member of 
said electric actuator are connected through 
first, second and third articulated members 



respectively; 

a biasing member connected with said pivotal 
feedback link at a position between said first 
articulated member and said follower member 

5 to bias said pivotal feedback link in a direction 

to press said follower member against the work 
surface of said precess cam so that the basing 
force of said first biasing member does not 
affect the moment of rotation of said speed 

10 change link about said first articulated mem- 

ber; and 

a coil spring compressed between a valve body 
of said speed control valve and said speed 
change link to bias the latter in a direction away 
is from the other end of said pivotal feedback link, 

the spool of said speed control valve and the 
output member of said electric actuator. 

14. A speed control device of a toroidal type continu- 
20 ously variable transmission having a feedback sys- 
tem, comprising: 

a pivotal feedback link having at one end 
thereof a follower member that is slidably put 

25 on a work surface of a precess cam actuated 

by a trunnion of said transmission; 
a speed control valve having a spool, said 
spool being moved for feeding a hydraulic actu- 
ator of said transmission with a hydraulic pres- 

30 sure to control said trunnion; 

an electric actuator having an output member; 
a speed change link to which the other end of 
said pivotal feedback link, the spool of said 
speed control valve and the output member of 

35 said electric actuator are connected through 

first, second and third articulated members 
respectively; and 

biasing means for biasing said pivotal feedback 
link in a direction to press said follower member 
40 against the work surface of said precess cam 

so that the biasing force of said first biasing 
member does not affect the moment of rotation 
of said speed change link about said first artic- 
ulated member. 

45 
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(54) Speed control device of toroidal type continuously variable transmission 



(57) A pivotal feedback link (55) has at one end 
thereof a follower member that is slidably put on a work 
surface (20) of a precess cam (2) actuated by a trunnion 
(108) of a toroidal type continuously variable transmis- 
sion (1000). A speed control valve (7) has a spool (8). 
The spool (8) is moved for feeding a hydraulic actuator 
(11 6A) of the transmission with a hydraulic pressure to 
control the trunnion (108). An electric actuator (50) has 
an output member (32). A speed change link (9) is 
arranged to which the other end of the pivotal feedback 
link, the spool (8) of the speed control valve (7) and the 
output member (52) of the electric actuator (50) are 



connected through first, second and third articulated 
members (55a,55b,55c) respectively. A spring member 
(82) is connected with the pivotal feedback link (55) at a 
position between the first articulated member (55a) and 
the follower member to bias the pivotal feedback link 
(55) in a direction to press the follower member (55c) 
against the work surface (20) of the precess cam (2) so 
that the biasing force of the first biasing member (82) 
does not affect the moment of rotation of the speed 
change link (9) about the first articulated member (55a). 
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